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Signif icant  progress toward the  proposed object ives  has been made P f i  t n e  

foiioning areas. 

Adaptation of Vacuum Fac i l i t y  f o r  Maximum Efficiency 

The vacuum f a c i l i t y  pictured i n  Figure 1 w a s  designed and b u i l t  at  the  

Southwest Center f o r  Advanced Studies, being completed when these c o l l i s i o n  

frequency s tudies  were in i t i a t ed .  

The f a c i l i t y  is a l so  required f o r  other experimental s tud ies ,  and therefore ,  

two addi t ional  end p l a t e s  were b u i l t  so t ha t  experiments can be changed i n  a 

minimum time. 

p l a t e s  while another experiment is  being conducted i n  the  vacuum; change-over 

I t  h a s  proven t o  be a very p rac t i ca l  system. 

I t  is now possible  t o  mount an experiment on one se t  of  end 

can be completed i n  a few hours, and thus the percentage u t i l i z a t i o n  o f t h e  

vacuum chamber can be qu i t e  high. 

Attainment of a Stable Low-Density Plasma 

A s t a b l e  plasma with useful parameters has been produced i n  t h e  vacuum 

chamber. The experimental arrangement is shown i n  Figure 2. Potent ia l s  between 

-200 v o l t s  and -4000 vo l t s  are applied t o  the sharply-pointed s t a i n l e s s  steel  

cathodes in each b e l l  j a r .  

s t a b l e  discharge is produced i n  the b e l l  jar. .The plasma d i f fuses  through a 

The end p l a t e  is held a t  ground po ten t i a l  and a 
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hole i n  each end-plate t o  produce a low-density plasma inside t h e  main vacuum 

chamber. This discharge works well i n  nitrogen, helium, and a i r  through a 

pressure range of severa l  microns t o  several  hundred microns. Other gases 

have not been t r i ed .  

Preliminary measurements ind ica te  t h a t  no electric f i e l d s  are present  i n  

the  chamber and t h a t  t h e  electron dens i ty  of t h e  plasma can be var ied between 

a few electrons per  cm3 and approximately 10 An undesir- 

able characteristic of  t he  discharge is t h e  apparent high temperature (a few 

6 3 e lec t rons  per cm . 

thousand degrees Kelvin) of t h e  electrons, For t h i s  ~ei?son, it is planned t o  

t r y  other  types of  discharges; s tud ie s  w i l l  a l s o  be made i n  t h e  decaying plasma 

after t h e  discharge has been turned off. The present  plasma appears t o  be 

adequate f o r  making meaningful s tud ie s  of electron c o l l i s i o n  frequency. 

I n i t i a l  Probe and Ci rcu i t ry  Completed 

The f i r s t  design f o r  the  probe and i t s  required c i r c u i t r y  has been completed 

and is being evaluated. 

and response time, but br idge measurements a l so  o f f e r  some advantages, notably 

absolute  accuracy and convenience. 

p ? i n d r i c a l  Ca aci'ror; 

The frequency s h i f t  technique of fe rs  t h e  b e s t  s e n s i t i v i t y  

The probe cons is t s  of a cy l indr ica l  capacitor f o r  which t h e  walls of t h e  

vacuum chamber are the  outs ide cylinder. 

and 30 inches i n  length. 

polished aluminum tubing and cons is t s  of three pieces,  a center cyl inder  40 cm 

i n  length and two guard cyl inders  each 15 em i n  length. 

interest is t h a t  o f  t h e  center cylinder with respect to  the  chamber. 

capacitance is approximately 7.5 picofarads when guarded and 10.6 picofarads 

when unguarded. 

The chamber is 20 inches i n  diameter 

The inner  cylinder is made of  one inch diameter 

The capacitance of 

This 
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Osci l la tor  Circui t :  

The hea r t  of the  frequency s h i f t  raethod is  t h e  o s c i l l a t o r ,  shown i n  Figure 2, 

whose frequency is deterained by the  probe capacitance i n  series with an inductance. 

The ac tua l  c i r c u i t  used is es sen t i a l ly  t h e  same as  t h a t  used i n  recent rocket ex- 
I 

periments and cons is t s  of  a Clapp o s c i l l a t o r  c i r cu i t .  

Clapp o s c i l l a t o r  is its excel lent  frequency s t a b i l i t y  due t o  two la rge  capaci tors ,  

CA and C,,, which swamp out tube capac i t ies  and other  s t r a y  capac i t ies  which are 

not i n  series with the  inductors. 

inductor can be short-circui ted by a re lay  t o  provide a change in frequency. 

t h i s  laboratory version a var ie ty  of inductors can be plugged i n  t o  provide 

frequencies from 1 - 10 MHz. 

between 100 mi l l i vo l t s  and a feu vol ts .  

t o  the probe without changing t h e  frequency. 

o s c i l l a t o r  has been measured t o  have a short-term s t a b i l i t y  of 1 p a r t  i n  10 and 

4 a long t e n  s t a b i l i t y  of 1 par t  i n  10 

Guard Amplifier: . 

The main advantage of the  

Actually, two inductors are used, so t h a t  one 

In 

The rf voltages applied t o  the  probe can be adjusted 

Also, large dc voltages may be applied 

The frequency s t a b i l i t y  of  the  

5 

The guard amplif ier  is designed t o  fur ther  reduce the  effect of s t r a y  capaci- 

tance on the nssill=tcr c i x ~ i t  %id to provide a guard s igna l  on t h e  guard 

cylinders.  The amplif ier  output dr ives  t h e  sh ie ld  of an interconnecting cable 

and dr ives  t h e  guard cyl inders  a t  the same voltage and phase as t h a t  applied t o  

the  probe by t h e  osc i l l a to r .  

inner w i r e  to  t h e  surrounding objects  is eliminated. 

In t h i s  manner, t h e  s t r a y  capacitance from t h e  I 

Since the  o s c i l l a t o r  c i r c u i t  is sensitive t o  any capaci t ive loading, the 

f h e  amplifier 
I 

guard ampl i f ie r  input  m u s t  have a very law input capacitance. 

consists of two emitter follower s tages  connected i n  series. The input transistor 
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was selected for low input base t o  co l lec tor  capacitance and high frequency 

response. 

time lag of 3 t o  4 nanoseconds, and an input capacitance i n  the  order  of 1 

picofarad. 

The complete amplif ier  c i r c u i t  has an overal l  gain of 0.95 with a 

These values hold over the complete o s c i l l a t o r  frequency range. 

Auxiliary Equipment: 

The remaining c i r c u i t r y  for t he  frequency s h i f t  technique includes a high 

frequency counter, mixer, s t a b l e  local o s c i l l a t o r ,  and discriminator.  

the sxtitption of t h e  mixer which has been designed and b u i l t  in the  laboratory,  

t h e  components l i s t e d  are standard laboratory equipment and are ava i l ab le  a t  

least on a part time basis .  

With 

A standard impedance bridge (Boonton Radio Type 250) has already been used, 

and a sens i t i ve  se l ec t ive  voltmeter (Siemens 3D335) has become ava i lab le  f o r  

more accurate bridge measurements. 

I n i t i a l  Measurements Made i n  the  Plasma 

Several experiments have been conducted i n  the  plasma. To show t h a t  t he  

plasma parameters are i n  an experimentally in t e re s t ing  range, measurements of 

change of capacitance versus discharge current ,  probe frequency, and probe rf 

voltage were made using the  Boobton Bridge. Figures 3, 4,and 5 show some of  t h e  

resu l t s .  

value when t h e  plasma current  is large (i.e., corresponding t o  a high e lec t ron  

concentration),  and is below t h e  free space value when the  current  is low (low 

e lec t ron  concentration). 

effect with an overdense plasma increases the capacitance, while the  underdense 

Figure 3 shows t h a t  t h e  capacitance is la rger  than t h e  free space 

. 

This behavior i s  t o  be expected s ince t h e  sheath 

plasma may be regarded as a d i e l e c t r i c  with relative d i e l e c t r i c  constant less 

than unity.  Similar ly  i n  Figure 4, the  capacitance is seen t o  vary above and 
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below the  free space value as t h e  probing frequency is varied about t h e  

(constant) plasma frequency. 

When t h e  probing frequency is well above t h e  plasma frequency t h e  change i n  

capacitance as a function of  probing frequency can be p lo t t ed  theo re t i ca l ly .  

The dotted l i n e  i n  Figure 4 corresponds t o  t h e  usual Appleton-Hartree magneto- 

ion ic  theory which assumes a constant co l l i s ion  frequency i n  the  Boltzmann 

equation. 

Sen-1Vyller) i n  which t h e  ve loc i ty  dependence of c o l l i s i o n  frequency is taken i n t o  

The s o l i d  l i n e  represents  t he  generalized magnetoionic theory (e.g. 

account. Both theo re t i ca l  curves were made t o  f i t  t h e  experimental po in ts  i n  

the  15 MHz t o  17 MHz region. 

b e t t e r  agreement with t h e  experimental resu l t s .  

I t  is evident t h a t  t h e  generalized theory is i n  
L 

Figure 5 shows t h e  r e s u l t s  of t h e  measurement of  change i n  probe capacitance 

as a function of the  rf voltage applied t o  the  probe. 

applied rf voltage has an appreciable effect on the  measurement when its magnitude 

I t  is seen t h a t  the  
' 

is a few ten ths  of a volt .  

The high s e n s i t i v i t y  a t  small rf voltages i s  a b ig  advantage of  t h e  frequency 

s h i f t  technique f o r  measuring capacitance changes. The i n i t i a l  probe and o s c i l l a -  

t o r  c i r c u i t r y  works well at  rf voltages as low as 100 mi l l i vo l t s ,  and it i i  be- 

l ieved t h a t  refinement of t h i s  technique w i l l  lower t h i s  l i m i t  even f L i - t h e - .  

Some i n i t i a l  measurements of c o l l i s i o n  frequency have a l so  been ma& i i  the  

plasma using the  o s c i l l a t o r  described ea r l i e r .  

it is too  e a r l y  t o  use these  measurements as s i g n i f i c a n t  r e su l t s .  

measurements did indicate t h a t  t he re  are no major problems which would a l ter  the  

Because of  minor problems encountered, 

However, t h e  
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experimental method. The probe operated as expected and t h e  r e s u l t s  obtained 

were of the  correct order  of magnitude. 

indicated t h e  probe is s e n s i t i v e  t o  small changes i n  electron dens i ty  and, 

providing theory is  correct, would determine t h e  c o l l i s i o n  frequency t o  within 

a few percent. 

ments w i l l  be made and a long term study of t h e  dependence of c o l l i s i o n  fre- 

quency on many various factors can be i n i t i a t e d .  

These i n i t i a l  measurements also 

I t  is expected t h a t  i n  the next  few months, s i g n i f i c a n t  measure- 

High Puri ty  Vacuum System Being Completed 

The moveable, high pur i ty  vacuum system pic tured  i n  Figure 6 i s  now being 

completed. 

the time for t hese  s tudies .  

2-inch air-cooled d i f fus ion  pump with a l i qu id  ni t rogen baf f le .  

the system should be ab le  t o  a t t a i n  pressures i n  the  

Although a fourteen inch diameter b e l l  j a r  and base p l a t e  are shown i n  the  

I t  w a s  not  b u i l t  under t h i s  contract  but w i l l  be ava i lab le  much of  

The system includes a small roughing pump, a d  a 

When completed 

millimeter Ifg. range. 

p ic ture ,  these  are e a s i l y  removeable and can be replaced by a t o t a l l y  g l a s s  

system when extremely high pu r i ty  is required. This system can be used f o r  many 

experiments not requir ing la rge  volumes and should add t o  t h e  f l e x i b i l i t y  of the  

laboratory. 

i 
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FIG. I VACUUM FACILITY 
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FIG. 6 MOVEABLE HIGH VACUUM SYSTEM 


